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PROCESS AND APPARATUS FOR 
CONTROLLING THE BRAKE SYSTEM OF A 

VEHICLE 

BACKGROUND OF THE INVENTION 

The invention pertains to a process and to a device for 
controlling the brake system of a vehicle. 

Aprocess and a device for controlling the brake system of 
a vehicle are knoWn from nonprepublished German Patent 
Application No. 1 95 01 760.9 of Jan. 21, 1995, in Which, as 
a function of the actuation of the brake pedal by the driver, 
the braking force in the Wheel brakes is actively increased 
during a braking operation by the actuation of the return 
purnp(s), one or more switching valves, and/or one or more 
suction valves. The braking force is increased in this case 
beyond the value predetermined by the design of the brake 
system and corresponding to the associated command of the 
driver. The increase in the braking force takes place under 
operating conditions Which are characteriZed by a rapid and 
forceful actuation of the brake pedal by the driver in 
response to a dangerous situation. For this reason, at least the 
actuation speed or rate of change in the pressure in the area 
of the master brake cylinder is compared With a prede?ned 
threshold value; if the threshold is exceeded, the automatic 
braking operation described above is initiated. The auto 
matic braking operation is ended When at least the degree of 
actuation of the pedal or the pressure in the master brake 
cylinder falls beloW another prede?ned threshold value. 
With this knoWn procedure, the pressure is built up until the 
brake antilock control system responds. The driver thus has 
no in?uence on the deceleration of the vehicle. 

Because it has been found that the driver should have 
in?uence on the deceleration of the vehicle under all oper 
ating conditions, it is the task of the present invention to 
provide suitable measures for accomplishing this goal. 

SUMMARY OF THE INVENTION 

As a result of the measures taken in accordance With the 
invention, the driver has in?uence on the deceleration of the 
vehicle in all operating situations, including those situations 
Which involve automatic braking. 

It is especially advantageous that the deceleration of the 
vehicle is adjusted as a function of the force exerted by the 
driver’s foot. For a given amount of force exerted by the foot 
the vehicle is alWays decelerated to the same corresponding 
degree, regardless of the vehicle Weight and regardless of the 
condition of the brakes. 

It is especially advantageous that, in addition to the force 
exerted by the foot, the change in this force is also taken into 
consideration. Thus the driver can cause the vehicle to be 
decelerated even more quickly by bring about a faster 
change in the force exerted by his foot. This therefore has the 
effect of: increasing driving safety in situations involving 
braking to a full stop. 

It is especially advantageous that the driving behavior of 
the vehicle is improved by the distribution of the braking 
moments over the individual Wheel brakes. In this Way, the 
rear axle brake system is able to make a larger contribution 
to the deceleration of the vehicle. 

BRIEF DESCRIPTION OF THE DRAWING 

The sole ?gure shoWs an overall block circuit diagram of 
the measures according to the invention, Which are imple 
mented in a preferred embodiment as a computer program 
running on a microcomputer. 
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2 
DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENT 

The Figure shoWs a control unit 10, Which, in the pre 
ferred exemplary embodiment, comprises at least one micro 
computer. This microcomputer implements the process 
according to the invention, Which is illustrated on the basis 
of a block circuit diagram. 
An input line 14 leads from a measuring device 12 to a 

control unit 10 and thus to the microcomputer. This line 
supplies control unit 10 With a signal representing the 
driver’s command to actuate brake pedal 16. In the preferred 
exemplary embodiment, this actuation signal value repre 
sents the input pressure Pvor in the master brake cylinder of 
the brake system. In other advantageous exemplary 
embodiments, the value can be a pressure in the brake line(s) 
of the brake system or a signal value for the actuation force 
or actuation distance of the brake pedal. An input line 18 
from a device 20, Which determines the velocity of the 
vehicle, also leads to control unit 10. The velocity is 
determined by a separate measuring device or, in a preferred 
exemplary embodiment, on the basis of the velocities of the 
Wheels of the vehicle. 

Control unit 10 controls valve assemblies 30, 32, 34, and 
36 by Way of output lines 22, 24, 26, and 28. These valves 
control the braking force at the Wheels by actuating the 
Wheel brake cylinders (or calipers). In addition, an output 
line 38 is provided in the preferred exemplary embodiment, 
Which drives at least one return pump 40, Which actively 
builds up the braking force. 

Input line 14 from measuring device 12 leads to a differ 
entiator 42 and to a desired value former 44. Output line 46 
of differentiator 42 leads to desired value former 44 and to 
a threshold stage 48. To change the predetermined threshold 
value, at least the actuating signal (see the dashed signal 
line) is sent to the threshold stage 48. Output line 50 of 
desired value former 44 leads to a comparison stage 52, to 
Which a line 54 from a second differentiator 56 is also 
connected. An input line 18 for the vehicle velocity is 
connected to this second differentiator. 

Output line 58 of comparison stage 52 leads by Way of a 
sWitching element 60 to a controller 62. SWitching element 
60 is actuated by Way of line 64, Which is the output line of 
threshold stage 48. Output line 38 branches off from line 64. 

Output line 66 of controller 62 leads to correction units 
68, 70, 72, 74, Which are assigned to the individual Wheel 
brakes. Signal values are sent via lines 76—78 to these units 
to correct the individual braking forces to be applied to the 
individual Wheels. Wheel-speci?c values of this type include 
the siZe of the Wheels, the Wheel loads, the coef?cients of 
friction, information on Whether the vehicle is driving 
around a curve, etc. Output lines 80, 82, 84, 86 lead 
preferably by Way of braking moment controllers (not 
shoWn) to output lines 22, 24, 26, 28 of control unit 10. 
The basic idea of the measures according to the invention 

is that a desired deceleration of the vehicle A50” is calculated 
on the basis of the actuation signal and its change. From the 
difference betWeen the desired acceleration value A50” and 
the actual deceleration Am of the vehicle, a vehicle-speci?c 
braking force is determined. As a function of the driving 
conditions, Which are described by the Wheel loads, the 
coef?cients of friction, curve detection, etc., a Wheel-speci?c 
distribution of the braking moment is carried out, Which is 
produced by Way of appropriate controller units at the 
individual Wheel brakes. 

To implement this basic idea, an equation, a table, or 
characteristic ?eld is stored in desired value former 44, by 
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means of Which a desired deceleration A50” of the vehicle is 
assigned to the actuation signal and its change. In the 
preferred exemplary embodiment, the pressure in the master 
brake cylinder of the brake system, i.e., the so-called input 
pressure, is detected and used as the actuation signal. This 
signal is sent via line 14 to desired value former 44. In 
addition, this signal is differentiated in differentiator 42, so 
that the rate of change in the input pressure can be sent via 
line 46 to desired value former 44. There, With the help of 
predetermined constants K1 and K2, the desired decelera 
tion is determined from the input pressure Pm, and the input 
pressure gradient dP dt by means of the folloWing vector 
equation: 

vor 

In another embodiment a characteristic ?eld is provided in 
the desired value former 44, Which ?eld is a store of desired 
values Which are selected in dependence upon the input 
values. The values of the constants K1 and K2 in one 
embodiment and the characteristic ?eld in the other embodi 
ment must be determined experimentally for each type of 
car. The values depend on the desired behavior of the car 
during braking. Generally speaking the desired acceleration 
increases When the actuation signal increases and the rate of 
change of the actuation signal increases. If it is desired for 
a substantial braking effect to take place earlier, the increase 
of the desired acceleration in a loWer range of the actuation 
signal (and the rate of change of this value) in dependence 
on the input signals, Will be greater than in an embodiment 
Where it is desired for the braking effect to take place later 
(for example the middle of the actuation range of the brake 
pedal to the end). 

In other advantageous embodiments, some other value 
representing the actuation of the pedal, eg the actuation 
force of the pedal, the actuation distance of the pedal, etc., 
and the corresponding gradient are used in the same Way to 
calculate the desired value. 
As described above, the establishment of the relationship 

betWeen the desired deceleration A50” and the input signals 
is carried out on the basis of experiment and also under 
consideration of prede?ned boundary conditions, Which 
de?ne the basic relationship betWeen the force exerted by 
the driver’s foot and the deceleration of the vehicle. In 
comparison stage 52, the difference betWeen the desired 
deceleration A50” and the actual deceleration Am is found. 
The latter value is determined by the calculation of the 
gradient of the vehicle velocity signal in differentiator 56. 
The difference betWeen the desired and the actual decelera 
tion is sent to controller 62. This determines the braking 
force F relative to the vehicle, i.e., the force Which is to be 
arrived to make the actual deceleration equal to the desired 
deceleration. The determination is carried out as a function 
of the difference betWeen the tWo values under consideration 
of a prede?ned control strategy (e.g., PID). 

To improve the driving behavior and possibly to improve 
the braking action of small rear axle brakes, the vehicle 
speci?c braking force F is corrected in correction units 68, 
70, 72, 74 on a Wheel-speci?c basis. That is, a Wheel-speci?c 
braking moment is determined on the basis of the braking 
force F Which has been determined; this braking moment is 
calculated by multiplying the determined braking force F by 
the Wheel radius RRad and by a factor f, Which is as a 
function of the driving conditions. This factor takes into 
account the Wheel load, the coefficient of friction, and/or the 
conditions of driving around a curve. The Wheel-speci?c 
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4 
braking moments are produced by the controlled actuation 
of valve assemblies 30, 32, 34, 36, preferably as part of a 
braking moment control system. 

The brake system in the preferred exemplary embodiment 
is a hydraulic brake system. Corresponding measures, 
hoWever, can also be implemented in a pneumatic, an 
electro-hydraulic, electro-pneumatic, or purely electric 
brake system. 

In the preferred exemplary embodiment, the deceleration 
control process is carried out during the operating state of 
panic braking. Panic braking is an operating state in Which 
the driver, as the result of a dangerous situation, actuates the 
brake pedal suddenly, With great speed and great force. To 
identify this braking situation, the gradient of the brake 
pedal actuation, preferably under consideration of the actua 
tion signal itself, is compared With a prede?ned threshold 
value. If the gradient exceeds this threshold value, as deter 
mined in threshold stage 48, braking force is built up in the 
Wheels beyond that speci?ed by the driver, by sending a 
signal via line 38 to drive the return pump 40 and control 
inlet and exhaust valves as necessary. At the same time, a 
signal is sent over line 64 to close sWitch 60, so that the 
procedure according to the invention can be carried out from 
the beginning to the end of the panic braking situation. The 
end of the panic braking situation is recogniZed When the 
actuation signal falls beloW a prede?ned threshold. 

In another exemplary embodiment, the braking force is 
increased not only in a panic braking situation but also 
continuously as part of a poWer-assisted braking system as 
a function of the actuation gradients of the brake pedal. The 
faster the pedal is actuated, the greater the braking force 
produced at the Wheels. Under the conditions in Which the 
braking force is increased beyond the value associated With 
the driver’s command, the measures according to the inven 
tion are implemented in this type of function as Well. 
What is claimed is: 
1. Process for controlling the brake system of a vehicle 

having a brake pedal adapted to be actuated by a driver, said 
process comprising: 

generating an actuation signal representing the depression 
of the brake pedal by the driver; 

determining the rate of change of said actuation signal, 
determining a desired value representing vehicle decel 

eration as a function of said actuation signal and said 
rate of change of said actuation signal; 

determining the actual vehicle deceleration, 
comparing said actual vehicle deceleration to said desired 

value, and 
responsive to a determination that said actual vehicle 

deceleration deviates from said desired value, auto 
matically braking said vehicle so that said actual 
vehicle deceleration tends toWard said desired vehicle 
deceleration values. 

2. Process according to claim 1, Wherein the actuation 
signal is determined from one of the pressure in the master 
brake cylinder of the brake system, the actuation distance of 
the brake pedal, the actuating force of the brake pedal, and 
the pressure in a brake line of the brake system. 

3. Process according to claim 1 Wherein a controller is 
provided Which determines an amount of braking force 
required to produce the desired deceleration as a function of 
the deviation betWeen the actual deceleration and the decel 
eration value. 

4. Process according to claim 1 Wherein individual Wheel 
brakes associated With the brake system are controlled in 
such a Way as to produce the deceleration under consider 
ation of Wheel-speci?c braking moment distribution. 
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5. Process according to claim 1 wherein the brake system 
is one of a hydraulic, pneumatic, electric, electro-hydraulic, 
or electro-pneumatic brake system. 

6. Process according to claim 1 Wherein the deceleration 
control is implemented during panic braking. 

7. Process according to claim 6 Wherein, during panic 
braking, a braking force exceeding that speci?ed by the 
driver is produced at the Wheel brakes so as to produce the 
desired deceleration during said panic braking. 

8. Process according to claim 1 Wherein the desired 
deceleration is speci?ed in such a Way that, for the same 
pedal force, the same actual vehicle deceleration is alWays 
produced regardless of vehicle Weight and condition of the 
brakes. 

9. Process for controlling the brake system of a vehicle 
having a brake pedal adapted to be adapted by a driver, said 
process comprising: 

generating an actuation signal representing the depression 
of the brake pedal by driver; 

determining the rate of change of said actuation signal; 
determining a desired value representing vehicle decel 

eration as a function of said actuation signal and said 
rate of change of said actuation signal; 

determining the actual vehicle deceleration; 
comparing said actual vehicle deceleration to said desired 

value; 
responsive to a determination that said actual vehicle 

deceleration deviates from said desired value, auto 
matically braking said vehicle so that said actual 
vehicle deceleration tends toWard said desired vehicle 
deceleration value; 

Wherein the brake system generates a braking moment 
Which is distributed on a Wheel-speci?c basis through 
consideration of values Which characteriZe the driving 
conditions selected from the group consisting of Wheel 
loads, coef?cients of friction, conditions of driving 
around a curve, and the radii of the Wheels. 

10. Apparatus for controlling the brake system of a 
vehicle having a brake pedal adapted to be actuated by a 
driver, said apparatus comprising: 

means for generating an actuation signal representing 
depression of the brake pedal by the driver; 

means for determining a rate of change of said actuation 
signal; 

means for determining a desired value representing the 
desired vehicle deceleration depending on both said 
actuation signal and said rate of change of said actua 
tion signal; 

means for determining actual deceleration of the vehicle; 
means for comparing said actual vehicle deceleration to 

said desired value and determining When said actual 
vehicle deceleration deviates from said desired value; 
and 

means for automatically braking said vehicle so that the 
actual vehicle deceleration tends toWard said desired 
vehicle deceleration value responsive to a determina 
tion that said actual deceleration deviates from the 
desired value. 
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11. Apparatus according to claim 10, Wherein the actua 

tion signal is determined from one of the pressure in the 
master brake cylinder of the brake system, the actuation 
distance of the brake pedal, the actuating force of the brake 
pedal, and the pressure in a brake line of the brake system. 

12. Apparatus according to claim 10, further comprising 
a controller determining an amount of braking force required 
to produce the desired deceleration as a function of the 
deviation betWeen the actual deceleration and the desired 
deceleration value. 

13. Apparatus according to claim 10 Wherein the brake 
system includes individual Wheel brakes Which are con 
trolled in such a Way as to produce the desired deceleration 
under consideration of a Wheel-speci?c braking moment 
distribution. 

14. Apparatus according to claim 10 Wherein the brake 
system is a hydraulic, pneumatic, electric, electro-hydraulic, 
or electro-pneumatic brake system. 

15. Apparatus according to claim 10 Wherein the means 
for automatic braking is activated responsive to a detection 
of panic braking. 

16. Apparatus according to claim 15 Wherein, during said 
panic braking, a braking force eXceeding that speci?ed by 
the driver is produced at the Wheel brakes so as to achieve 
the desired deceleration during said panic braking. 

17. Apparatus according to claim 10 Wherein the desired 
deceleration is speci?ed in such a Way that, for the same 
pedal force, the same actual vehicle deceleration is alWays 
produced regardless of vehicle Weight and condition of the 
brakes. 

18. Apparatus for controlling the brake system of a 
vehicle having a brake pedal adapted to be actuated by a 
driver, said apparatus comprising: 
means for generating an actuation signal representing 

depression of the brake pedal by the driver; 
means for determining a rate of change of said actuation 

signal; 
means for determining a desired value representing the 

desired vehicle deceleration depending on both said 
actuation signal and said rate of change of said actua 
tion signal; 

means for determining actual deceleration of the vehicle; 
means for comparing said actual vehicle deceleration to 

said desired value and determining When said actual 
vehicle deceleration deviates from said desired value; 
and 

means for automatically braking said vehicle so that the 
actual vehicle deceleration tends toWard said desired 
vehicle deceleration value responsive to a determina 
tion that said actual deceleration deviates from the 
desired value; 

Wherein the brake system generates a braking moment 
Which is distributed on a Wheel-speci?c basis through 
consideration of values Which characteriZe the driving 
conditions selected from the group consisting of Wheel 
loads, coef?cients of friction, conditions of driving 
around a curve, and the radii of the Wheels. 
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